This study aims to characterize the relationships between intrinsic motivation towards physical activity, mindfulness, and physical activity level. We measured self-reported mindfulness, motivational regulation towards exercise, and physical activity level in 280 French students. Analyses conducted on 244 participants revealed that self-reported mindfulness moderates the relationship between intrinsic motivation towards exercise and physical activity levels. These findings may have implications for interventionists seeking to promote increased physical activity with mindfulness-based techniques. In fact, it seems that increasing mindfulness skills of individuals could improve their intrinsic motivation to exercise and thus, physical activity.
and if he/she values and places importance on this new behavior (Ryan & Deci, 2000) . This means he/she knows that a recommended PA level will be healthy and without constraints. Several studies have investigated the effects of SDT-based interventions on the increase of PA level . The main findings of these studies were that PA levels and intrinsic motivation increased (Fortier, Sweet, O'Sullivan, & Williams, 2007; Jolly et al., 2009) , and participants of the SDT-group better satisfied they basic psychological needs (Edmunds, Ntoumanis, & Duda, 2008) .
For the promotion of PA, studies have investigated the effects of a mindfulness-based intervention or an SDT-based intervention, and measured mindfulness or SDT outcomes respectively. In the original texts of SDT (Deci & Ryan, 1985) and DM (Brown & Ryan, 2003) , some links between mindfulness and intrinsic motivation are central to both of these theories. Levesque and Brown (2007) highlighted the agreement between both theories by arguing that: (a) in SDT, awareness facilitates self-regulated functioning, and (b) selfreported mindfulness predicts higher levels of self-regulated behavior. This highlights the suggested links between mindfulness and motivation, although these links have never been empirically tested. Thus, we expect some common mecanisms in SDT and mindfulness related to self-regulation. Rigby, Schultz, and Ryan (2014) suggested theoretical links between mindfulness and SDT. For each motivational regulation, the authors explained how mindfulness and motivation are linked through the self-determination continuum. Moreover, Butryn et al. (2011) argued that the relationship between DM and PA could be related to motivation to engage in such behavior. Tsafou, DeRidder, vanEe, and Lacroix (2015) showed that satisfaction (i.e., an intrinsic motive) is a predictor of the effects of self-reported mindfulness on PA behavior.
So it is known that both motivational regulation and mindfulness skills favor higher PA levels, separately. Thus, mindfulness could either moderate or mediate the relationship between intrinsic motivation and PA level. Likewise, intrinsic motivation could either moderate or mediate the relationship between self-reported mindfulness and PA level, or selfreported mindfulness and intrinsic motivation could both be linked to PA level with neither moderation nor mediation types of relationships. Our study aims to characterize the relationships between intrinsic motivation relative to PA, mindfulness, and PA level. The literature did not make it possible to hypothesize any specific model, which is why we considered five different models (see Figure 1) to determine the precise relationship among self-reported mindfulness, motivational regulation and PA level.
Fig. 1
Candidate models used to characterize the relationships between motivational regulation, self-reported mindfulness, and physical activity (PA) level. Note: Model (a) represents the possible moderating effect of self-reported mindfulness in the relationship between motivational regulation and PA level. Model (b) represents the possible moderating effect of motivational regulation in the relationship between self-reported mindfulness and PA level. In model (c) self-reported mindfulness and motivational regulation are two possible independent predictive variables of PA level. Model (d) represents the possible mediating effect (full or partial) of motivational regulation between self-reported mindfulness and PA level. Model (e) represents the possible mediating effect (full or partial) of self-reported mindfulness between motivational regulation and PA level.
Method Participants
Two hundred and eighty French students (41.79% males and 58.21% females) aged between 18 and 37 years old (M = 21; SD = 2.73) with a mean body mass index (BMI) of 21.86 kg/m 2 (SD = 2.81), were asked to fill out self-report questionnaires measuring selfreported mindfulness, motivational regulation towards exercise, and PA level. Recruitment was conducted in three different-sized university towns: Paris, Montpellier, and Caen.
Procedure
Participants had to indicate which major they were pursuing, in which year, and whether they practiced sport regularly or not. To control for the bias of knowing the questionnaires or being extremely physically active, students in psychology and PA sciences were excluded from this study. All the participants gave their signed agreement to participate in the study. Participants were given a random code to withdraw from the study at any time after they filled out the questionnaires, upon their request. Institutional ethical approval was sought and given. Participants' characteristics are displayed in Table 1 . 38.93 Mean (M); standard deviation (SD); body mass index (BMI).
Measures
To assess DM as self-reported mindfulness, the Mindful Attention Awareness Scale (MAAS) (Brown & Ryan, 2003) was used in its French validated version. Csillik, Mahr, and Meyer (2010) adapted the French version of the MAAS, which is a single factor 15-items self-report instrument measuring the frequency of mindful states in day-to-day life. Each item is rated on a 6-point Likert scale ranging from 1 ("almost always") to 6 ("almost never"), and the score is the mean of all items, ranging from 1 (i.e., low frequency of mindful states) to 6 (i.e., high frequency of mindful states). In our sample, the French version of MAAS showed good internal consistency (α = 0.78).
To assess the motivational regulation towards exercise, the Behavioral Regulation towards Exercise Questionnaire (BREQ-II; (Markland & Tobin, 2004 ) (French version) was used. The BREQ-II is a self-report 19-item questionnaire measuring motivational regulation towards exercise. Each item is rated on a 5-point Likert scale ranging from 0 ("not true for me") to 4 ("very true for me"). This questionnaire is based on five subscales, which represent the motivational regulation of SDT: amotivation (A), external regulation (ER), introjected regulation (ITR), identified regulation (IDR), and intrinsic regulation (IR). In our sample, the five subscales of BREQ-II showed good internal consistency (α A = 0.79; α ER = 0.77; α ITR = 0.72; α IDR = 0.74; α IR = 0.91).
PA level was measured with the International Physical Activity Questionnaire (IPAQ; (Craig et al., 2003) . The French version of the IPAQ is a widely used self-report 7-items measure of PA level (Keadle, 2012; Ulmer et al., 2010) . It provides information on the participants' time spent walking and doing vigorous and moderate physical activities during the past seven days (if not representative of the perceived average PA, participants were asked to think about the most representative past 7-day time frame). The unit of this measure is an overall energy expenditure expressed in Metabolic Equivalent Total (MET). In short, the IPAQ calculations are: Walking MET-min/week = 3.3 × walking minutes × walking days; Moderate MET-min/week = 4.0 × moderate-intensity activity minutes × moderate days; Vigorous MET-min/week = 8.0 × vigorous-intensity activity minutes × vigorous-intensity days. Total PA MET-min/week = sum of Walking + Moderate + Vigorous MET minutes. The total MET-min per week was used as a continuous indicator for PA.
Data Analyses
The data were analysed on R (R Core Team, 2013) after exclusion of the participants who did not reply to the questionnaires entirely (n = 33) and participants who did not respect the IPAQ guidelines (n = 3) (Craig et al., 2003) . Thus, correlational analysis and hierarchical regression analyses were run on 244 participants. The dependant variable in the models is the IPAQ scores, and we tested the predictive properties of intrinsic motivation (according to BREQ-II subscale) in step 1, self-reported mindfulness in step 2 (simple linear regression model), and the moderation or the mediation between intrinsic motivation and self-reported mindfulness in step 3. Mean scores and correlational statistics are displayed in Table 2 . The non-parametric Kendall correlation test was used because it does not rely on any asumptions about the underlying distributions (BREQ sub-scales do not have a normal distribution).
We defined the PA level variable as the log 2 of the IPAQ score. This choice was motivated by the nature of the IPAQ scoring as METs roughly double when the perceived PA intensity increases by 1 (from low, to moderate, to vigorous). Moreover, the distribution of the PA levels has the property of being normally distributed, in contrast to the raw IPAQ scores (e.g., Rzewnicki, Auweele, & De Bourdeaudhuij, 2003) .
Results
Preliminary analyses were conducted to ensure no violation of the assumptions of normality, linearity, and homoscedasticity. Models (b), (d) and (e) were discarded because of the absence of significant correlation between self-reported mindfulness and PA level (see Table 2 ), which indicated that self-reported mindfulness could not be a predictor of PA level (Baron & Kenny, 1986) . Only two models remained: the moderation model (a) and the simple linear model (c), which represents the main effect of the moderation model. Model (c) was tested at step 2. Plotting the Pearson residuals enabled us to check the normality of their distribution. The basic assumptions for a multiple regression analysis were satisfied.
As expected, self-reported mindfulness showed positive correlations to the automous motivational regulations (i.e., intrinsic and identified), and negative to the controlled motivational regulations (i.e., external and amotivation) (see Table 2 ). PA level showed positive significant correlations to the autonomous motivational regulations; such as intrinsic (τ = .21; p < .001), identified (τ = .20; p < .001). In contrast, PA level was negatively correlated with external regulation (τ = -.06; ns) and amotivation (τ = -.22; p < .001). In our sample, BMI showed no significant correlation to any other variable. Intrinsic motivation × Mindfulness .12*** .02 -.23 .11 -.14* .07 -2.02 10.88 *p < .05; **p < .01; ***p < .001. R 2 , the proportion of the criterion variance explained by predictors over and above response; R 2 change, the difference between R 2 in step by step regression; B, unstandardized regression coefficients; SE, standard error; β, standardized regression coefficients
The moderation model (a) is displayed in step 3 in Table 3 . At step 2, self-reported mindfulness was not a significant predictor of PA level. The moderation model explained the greatest variance in PA level (R 2 = 11.97%; F(3, 240) = 10.88; p < .001). This model followed (Baron & Kenny, 1986) criteria for a moderation effect, with self-reported mindfulness as moderator of the predicting effect of intrinsic motivation on PA level. At step 3, intrinsic motivation was a significant predictor of PA level (β = .29; t = 4.54; p < .001), while self-reported mindfulness did not significantly predict PA level (β = .02; t = .39; ns), and the interaction between intrinsic motivation and self-reported mindfulness was a significant predictor of PA level (β = -.14; t = -2.02; p < .05). Moreover, ANOVA between models at each step showed that the model at step 3 had a significant change in R 2 from the linear model at step 2 (R 2 change = .02; F(1, 240) = 4.11; p < .05). Figure 2 illustrates the moderating effect of self-reported mindfulness between intrinsic motivation and PA level. Participants were split into three distinct groups of self-reported mindfulness levels:
a. participants with self-reported mindfulness scores below the mean minus 1 standard deviation (crosses); b. participants with self-reported mindfulness scores distant from the mean by no more than 1 standard deviation (triangles); c. participants with self-reported mindfulness scores greater than the mean plus 1 standard deviation (squares). In this graphic, we see that when self-reported mindfulness is low, intrinsic motivation is not related to PA level. But, as self-reported mindfulness increases, the link between instrinsic motivation and PA levels becomes positively correlated and much stronger.
Fig. 2
Moderating effect of self-reported mindfulness on the relationship between intrinsic motivation and physical activity (PA) level Note: On the y-axis, PA level is the log 2 of the IPAQ score. A high self-reported mindfulness score (greater than +1 SD, in squares) leads to a stronger relationship between intrinsic motivation and PA level compared to a medium self-reported mindfulness score (in triangles) or a low self-reported mindfulness score (lower than -1 SD, in crosses).
Discussion
The aim of this study was to characterize the relationships among intrinsic motivation towards PA, mindfulness, and PA level. Theoretical links between mindfulness and motivation have been described in original research in these fields (Brown & Ryan, 2003; Deci & Ryan, 1985) , but no empirical evidence has been found. Most studies investigated the relationships between motivation and PA level or between mindfulness and PA level (Butryn et al., 2011; Ulmer et al., 2010) , resulting in an association of higher PA levels in individuals with higher intrinsic motivation on the one hand, and higher mindfulness skills on the other. To our knowledge, this study is the first to try to empirically test the links suggested in previous works (Brown & Ryan, 2003; Deci & Ryan, 1985; Levesque & Brown, 2007; Rigby et al., 2014) among the three variables (i.e., DM, intrinsic motivation, PA level). The correlation data we obtained from an ad-hoc sample of 244 students across three French cities enabled us to propose a model explaining the relationship among intrinsic motivation towards PA, self-reported mindfulness, and PA level.
Motivation regulation subscales showed a high proportion of low levels of amotivation and external regulation, stable distribution of introjected regulation, and high proportions of high levels of identified and intrinsic regulations. All these tendencies are in accordance with SDT. In fact, when more intrinsically motivated, one is more autonomous (Deci & Ryan, 1985) . These tendencies may be specific to the youthful characteristic of the population that we studied, and may differ from the general population. Hagger and Chatzisarantis (2007) argued that motives such as appearance and weight are autonomous. We know that adolescents and young adults are more likely to be interested in their body image. This could explain the dispersion of the BREQ-II scores.
Literature on behavior change has described the role of DM in healthy behaviors. Studies have shown that mindful individuals are more likely to engage in and maintain healthy behaviors (Roberts & Danoff-Burg, 2010; Ulmer et al., 2010) . Moreover, authors argued that self-regulation of thoughts and emotions linked to behavior change, convinced mindful individuals to change their behavior more easily than individuals with lower mindfulness skills (Levesque & Brown, 2007) . In our sample, high levels of self-reported mindfulness were associated with higher levels of intrinsic motivation, and higher levels of PA, which confirms previous work (Brown & Ryan, 2003; Deci & Ryan, 1985) . These results suggest that DM leads to more intrinsic, and healthier behavior choices. This tendency was observed in the correlation matrix (Table 2) , in which we can see that the more intrinsically motivated towards exercise participants were the more mindful.
Considering the moderation model, why would DM impact motivational regulation of PA practice? First, it is known that lacking in specific awareness leads to habitual or automatic behaviors. Brown and Ryan (2003) highlighted the reverse relationship between DM and impulsivity (i.e., automatic behavior). Studies have shown that self-reported mindfulness is linked to healthier behaviors such as exercise. This relationship could be due to better life decisions made while one is mindful (Williams & Kabat-Zinn, 2013) . Second, according to Brown and Ryan (2003) , bringing an open awareness to the present experience is linked to "self-regulation". According to the authors, self-regulation leads to behavior choices that are in accordance with one's needs (i.e., SDT's universal basic psychological needs, such as autonomy). Furthermore, self-regulation and awareness appear to be central components in SDT and DM conceptualisations. Our model showed that mindfulness (i.e., specific awareness of the present experience in a non-judgemental way) and intrinsic motivation (i.e., behaviors driven more autonomously) could be effective predictors of PA, with a moderation effect of mindfulness in the relationship between intrinsically motivated intentions and actual behavior (i.e., PA). Further research investigating this relationship applied to another health-related behavior, such as diet, could be of interest. Third, ACT authors (Hayes et al., 2004) argued that awareness and acceptance of thoughts and emotions protects from experiental and cognitive avoidance, ruminations, and other cognitive distortions. In their book, Biddle and Mutrie (2008) highlighted that there might be a gap between self-perceptions of competence to change and actual competence to change. This gap could induce cognitive distortions, and being aware of it could protect individuals from these distortions. Further studies could assess perceived stress towards behavior change, and investigate the links between mindfulness skills and cognitive processes in the context of a behavior change.
However, the present study has limitations. The exclusively self-reported and subjective data limit the conclusions of the study to participants' self-perceptions. For example, PA level could have been measured with accelerometers providing an objective energy expenditure. Furthermore, the relationaship between motivational regulation and PA behavior could be explained with different unassessed variables such as psychopathology, time for leisure, or even environemental facilities to exercise. Another limitation is the use of a one-factor scale as a measure for mindfulness skills while a multi-scales measure could have brought more information regarding the specific facets of mindfulness implicated in the relationship between motivation and behavior. Moreover, only students with an average age of 21 years were included into this study, thus results cannot necessarily be generalized to the population at large.
In our ad-hoc sample, self-reported mindfulness had a moderating role on the relationship between intrinsic motivation towards exercise and actual PA level. The results suggest that mindful individuals are more likely to have an increased PA level while they are intrinsically motivated, and that mindless individuals have concerns in being active even if they are intrinsically motivated. It is necessary to test whether this model remains unchanged in the general population by controlling the distribution in subgroups (e.g., gender, age, occupation, income). The next stage would entail doing a true randomized experiment, testing the moderation effect of DM while controlling the mindfulness variable with a mindfulness-based intervention aiming at increasing PA level.
